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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small-sized, 
efficient inverter device by adopting a connecting 
structure where watertightness is ensured and further 
there is no risk of cracking in an insulation board, to 
reduce the thermal resistance between a power element 
and coolant. 

SOLUTION: In the inverter device, the rear-face 
electrode plate of the insulation board is larger in size 
than the insulating board, the peripheral portion of the 
rear-face electrode plate is jointed with a case, and the 
flow path of the coolant is formed directly under the 
insulating board. Furthermore, the front-face electrode 
plate of the insulating board is constituted, so that the 
thickness thereof is not less than 0.5 mm or constituted 
of a heat pipe, and the rear-face electrode is provided 
with projections and recesses, having a pitch of not 
more than 3 mm. The rear-face electrode plate and the 
case are jointed to each other through soldering, 
adhesive, a mechanical means, or a combination thereof. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the inverter equipment which consists of the power circuit section which consists of 
a power component, an insulating substrate, a terminal in which the electrode plate was joined to 
the front flesh side, and said power component was carried, etc., a case where the passage of a 
cooling refrigerant was formed, and a control circuit part The rear face of the insulating 
substrate to which the electrode plate by the side of the cooling refrigerant of the insulating 
substrate to which said electrode plate was joined was larger than the insulating substrate, the 
periphery of the electrode plate by the side of said cooling refrigerant was joined to the case, 
and the electrode plate was joined is inverter equipment characterized by being cooled with the 
cooling refrigerant. 

[Claim 2] The electrode plate by the side of the power component of the insulating substrate to 
which the electrode plate was joined is 0.5mm. Inverter equipment according to claim 1 
characterized by being the above thickness. 

[Claim 3] The electrode plate by the side of the cooling refrigerant of the insulating substrate to 
which the electrode plate was joined is inverter equipment according to claim 1 characterized by 
preparing irregularity with a pitch of 3mm or less. 

[Claim 4] The electrode plate by the side of the power component of the insulating substrate to 
which the electrode plate was joined is inverter equipment according to claim 1 characterized by 
consisting of heat pipes. 

[Claim 5] Junction of the case where the passage of the cooling refrigerant lateral electrode 
plate periphery of an insulating substrate and cooling refrigerant to which the electrode plate 
was joined was formed is inverter equipment according to claim 1 characterized by considering 
as solder, adhesives, mechanical immobilization, or such junction structures that were 
compounded. 

[Claim 6] The electrode plate by the side of the cooling refrigerant of the insulating substrate to 
which the electrode plate was joined is inverter equipment according to claim 1 characterized by 
joining a front-face side to a case and being joined to other case members from which a rear- 
face side constitutes the passage of a cooling refrigerant. 

[Claim 7] In the inverter equipment which consists of the power circuit section which consists of 
a power component, an insulating substrate, a terminal in which the electrode plate was joined to 
the front flesh side, and said power component was carried, etc., a case where the passage of a 
cooling refrigerant was formed, and a control circuit part It is inverter equipment which the 
electrode plate by the side of the cooling refrigerant of the insulating substrate to which said 
electrode plate was joined is larger than an insulating substrate, and, as for the electrode plate 
by the side of said cooling refrigerant, the whole surface is joined to a case part, and is 
characterized by cooling said case part with the cooling refrigerant. 

[Claim 8] In the inverter equipment which consists of the power circuit section which consists of 
a power component, an insulating substrate, a terminal in which the electrode plate was joined to 
the front flesh side, and said power component was carried, etc., a case where the passage of a 
cooling refrigerant was formed, and a control circuit part The electrode plate by the side of said 
cooling refrigerant is inverter equipment characterized by the case part which the electrode 
plate by the side of the cooling refrigerant of the insulating substrate to which said electrode 
plate was joined is larger than an insulating substrate, the whole surface is joined to a case part, 
and said insulating substrate joins at least consisting of a heat pipe. 

[Claim 9] In the inverter equipment which consists of the power circuit section which consists of 
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a power component, an insulating substrate, a terminal in which the electrode plate was joined to 
the front flesh side, and said power component was carried, etc., a case where the passage of a 
cooling refrigerant was formed, and a control circuit part The electrode plate by the side of the 
cooling refrigerant of the insulating substrate to which said electrode plate was joined is larger 
than an insulating substrate, and the closure of a power component is transfer mold structure. A 
power component, Inverter equipment according to claim 1 to 8 characterized by connecting the 
electrode terminal which is united with the external terminal with the wire or the connection 
plate. 

[Claim 10] It sets to the ceramic insulating substrate to which the metal plate was joined by both 
sides, and some surface metal plates are 0.5mm at least. It is the ceramic insulating substrate 
which has the above thickness and is characterized by joining the rear-face metal plate to the 
ceramic insulating substrate in an area larger than said ceramic insulating substrate. 
[Claim 11] The ceramic insulating substrate characterized by preparing irregularity in the rear- 
face metal plate over the whole outline surface in the ceramic insulating substrate to which the 
metal plate was joined by both sides. 

[Claim 12] It is the ceramic insulating substrate characterized by some metal plates of at least 
one side consisting of a tabular heat pipe in the ceramic insulating substrate to which the metal 
plate was joined by both sides. 

[Claim 13] It is the ceramic insulating substrate characterized by some surface metal plates 
being united with the leadframe in the ceramic insulating substrate to which the metal plate was 
joined by both sides, and joining a part of leadframe to said ceramic insulating substrate at least. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the inverter structure of realizing and 

cooling of an especially efficient power component at inverter structure. 

[0002] 

[Description of the Prior Art] In order to energize to a power semiconductor device in order to 
realize miniaturization of an inverter, and efficient-ization, and to secure stable actuation, it is 
required to prepare a cooler style. That is, in the inverter equipment which consists of power 
semiconductor devices, such as IGBT and Power MOS, in order to secure operational stability of 
a component, it has cooler styles, such as air cooling thru/or liquid cooling using a refrigerant, or 
vapor cooling, so that the temperature at the time of actuation of a semiconductor device may 
not exceed a predetermined marginal operating temperature. In recent years, the current density 
of a component is increasing from the demand to the miniaturization of inverter equipment, and 
efficient-izing, and since the exoergic consistency of a component has been increasing in 
connection with this, in order to suppress the temperature rise of a component, efficient-ization 
of a cooler style has been called for. In the inverter equipment especially applied to electric drive 
systems for automobiles, such as a hybrid electric vehicle (HEV) and a fuel cell vehicle (FCEV), a 
demand in small and efficient cooling structure is high because of a limit of installation area or 
weight. 

[0003] The cooling structure shown in drawing 1 1 is indicated by JP.6-303704.A. In drawin g 1 1 , 
the power semi-conductor module 1510 with which it is joined with solder etc. on the insulating 
substrate 1502, and the power semiconductor devices 1501, such as IGBT, were further joined 
by solder to the base metal plate 1503 is attached in the cooling section 1505 through thermally 
conductive grease 1504. an insulating substrate — ceramic substrates, such as alumimium 
nitride (AIN) and an alumina (aluminum 203), — an electrode — public funds — group sheet 
metal is joined. A capacitor 1 508 and control circuit substrate 1 507 grade are connected to such 
a power circuit section module 1510, it is carried in the case 1509 where the cooling section 

1 505 and one are made, and inverter equipment is constituted. The passage of cooling water 

1506 is formed in the cooling section 1505. It circulates through cooling water with the external 
radiator using the pump of the circulating water cold system. After heat-conducting to an 
insulating substrate 1502, the base metal plate 1503, the cooling section 1505, etc., heat- 
conducting to cooling water 1506 on the heat transfer front face of passage and cooling water's 
moving to an external radiator with a pump, the cooling water and the open air which carried out 
the temperature rise carry out heat exchange of the heat generated in the power semiconductor 
device 1501, and it is discharged outside. 

[0004] Moreover, the structure which cools an insulating-substrate rear face directly to JP.9- 
121557.A shown in drawing 12 is indicated. In this structure, the power semiconductor devices 
1601, such as IGBT, are joined with solder etc. on the insulating substrate 1602, and the part 
into which the insulating substrate 1602 extended is attached in the case 1609 with the closure 
member 161 1 with the means 1612 with a bundle, such as a bolt, an insulating substrate — the 
ceramic substrates 1610, such as alumimium nitride (AIN) and an alumina (aluminum 203), — an 
electrode — public funds — group sheet metal 1603 and 1604 joins. The rear face of an 
insulating substrate 1 602 is cooled by the cooling water 1 606 passing through the passage 
established in the case 1 609. 
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[0005] 

[Problem(s) to be Solved by the Invention] With the structure of said dra win g 1 1 , since many 
layers intervene between the power semiconductor device 1501 which is the exoergic section, 
and cooling water 1506, sufficient refrigeration capacity is not obtained, but there is a limitation 
in increasing the current density of a component and miniaturizing. Moreover, with the structure 
of said drawing 1 2 , in order to attach a large-sized insulating substrate and to bind tight with a 
bolt, it is easy to produce the crack of an insulating substrate, and installation occupancy area 
also has a large problem. 

[0006] The purpose of this invention is offering the structure of reducing the thermal resistance 
between a power component and a refrigerant by the small and simple approach, in order to 
realize small efficient inverter structure which can control the temperature rise of a 
semiconductor device effectively, even if it increases current density and miniaturizes an 
inverter. Moreover, the purpose of this invention is offering the structure of reducing thermal 
resistance with connection structure without fear, such as a crack of an insulating substrate, 
securing waterproofness, miniaturizing the insulating substrate of a power component and 
offering the easy structure of an assembly. 
[0007] 

[Means for Solving the Problem] The electrode plate by the side of the cooling refrigerant of an 
insulating substrate of the inverter equipment of this invention is larger than an insulating 
substrate, the electrode plate circumference by the side of a cooling refrigerant is joined to a 
case, the passage of a cooling refrigerant is prepared directly under an insulating substrate, and 
the electrode plate by the side of the power component of an insulating substrate is 0.5mm. It is 
the above thickness and the electrode plate by the side of the cooling refrigerant of an insulating 
substrate prepared irregularity with a pitch of 3mm or less. 

[0008] As for the inverter equipment of this invention, the electrode plate by the side of the 
power component of an insulating substrate consists of heat pipes, the electrode plate by the 
side of the cooling refrigerant of an insulating substrate is larger than an insulating substrate, the 
whole surface is joined to a case part, and said case part is cooled with the cooling refrigerant. 
The inverter equipment of this invention is the structure where the case part which an insulating 
substrate joins completely consists of a heat pipe. 

[0009] The electrode plate by the side of the cooling refrigerant of an insulating substrate of the 
inverter equipment of this invention is larger than an insulating substrate, and junction of the 
periphery of the case where the passage of an insulating substrate and a cooling refrigerant was 
formed is solder, adhesives, mechanical immobilization, or such junction structures that were 
compounded. 

[0010] The electrode plate by the side of the cooling refrigerant of an insulating substrate of the 
inverter equipment of this invention is larger than an insulating substrate. An insulating substrate 
and the electrode plate of the joint of a case periphery with which the passage of a cooling 
refrigerant was formed are the bent structures. The front-face side of the electrode plate by the 
side of a cooling refrigerant is joined to a case, and it is joined to other case members from 
which a rear-face side constitutes the passage of a cooling refrigerant, and the closure of a 
power component is transfer mold structure, and the rear-face electrode plate of an insulating 
substrate is in contact with the cooling refrigerant. 

[001 1] With the inverter equipment of this invention, by having prepared the passage of a cooling 
refrigerant directly under the insulating substrate, since it becomes only an insulating substrate 
and a thin electrode metal plate between the power semiconductor device which is the exoergic 
section, and a cooling refrigerant, thermal resistance is reduced sharply. Moreover, since the 
electrode plate by the side of the cooling refrigerant of an insulating substrate is larger than an 
insulating substrate, the inverter equipment of this invention is assembled, or it can prevent the 
crack and crack by real use. Since there is no insulating substrate in a joint with a case 
especially, a junction activity is easy. 

[0012] Si nee the electrode plate thickness by the side of the power component of an insulating 
substrate is 0.5mm or more, the heat of the power semiconductor device of the exoergic section 
can be effectively extended in a longitudinal direction, a heating area spreads, and thermal 
resistance reduces the inverter equipment of this invention. Moreover, since the electrode plate 
by the side of the cooling refrigerant of an insulating substrate has irregularity with a pitch of 
3mm or less, it becomes easy to produce a turbulent flow in a cooling refrigerant, and thermal 
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resistance decreases. 

[0013] Since the electrode plate by the side of the power component of an insulating substrate 
is a heat pipe, the heat of the power semiconductor device of the exoergic section can be 
effectively extended in a longitudinal direction, a heating area spreads, and thermal resistance 
reduces the inverter equipment of this invention. Moreover, since the electrode plate by the side 
of the cooling refrigerant of an insulating substrate is larger than an insulating substrate, the 
whole surface is joined to a case part and said case part is cooled with the cooling refrigerant, 
thermal resistance decreases, securing waterproofness. 

[0014] Since the case part which an insulating substrate joins completely consists of a heat pipe, 
thermal resistance reduces it further, the inverter equipment of this invention securing 
waterproofness. Moreover, the electrode plate by the side of the cooling refrigerant of an 
insulating substrate is larger than an insulating substrate, and since junction of the case where 
the passage of the rear-face electrode plate periphery of an insulating substrate and a cooling 
refrigerant was formed is solder, adhesives, mechanical immobilization, or such junction 
structures that were compounded, it is possible. [ of the junction which secured waterproofness 
in a small area ] 
[0015] 

[Embodiment of the Invention] The example of this invention is explained using a drawing below. 
(Example 1) The sectional view of the inverter equipment of this example is shown in drawin g 1 . 
As shown in drawin g 1 , the power semiconductor devices 101, such as IGBT, have joined with 
solder etc. on the insulating electrode substrate 120. the insulating electrode substrate 120 — 
for example, the ceramic insulating substrates 110, such as alumimium nitride (AIN), and an 
alumina (aluminum 203) or silicon nitride (SiN), — an electrode — public funds — group sheet 
metal is joined. The thin film metal plate 103 for electrodes is joined to insulating electrode 
substrate 120 front face, and the thin film metal plate 121 is joined to the rear face. The emitter 
thru/or gate electrode of power semiconductor device 101 front face is connected to the thin 
film metal plate 103 with the aluminum wire 210. After, as for the part by the side of these 
components, the connection terminal 109,115 is joined, the power semiconductor device 101 
neighborhood is closed by silicone gel as a resin ingredient 111, and the surroundings of it 
consist of case material made of resin, such as PPS or PBT. Or the resin ingredient 1 1 1 is 
transfer mold structure. In addition, although the number of power semiconductor devices is one 
on account of explanation in drawing 1 , more than one are usually arranged. It connects with the 
motor which is a main terminal, is connected to a capacitor 117 or a load and is outside, and the 
connection terminal 1 1 5 is a control terminal, and is connected to the control circuit substrate 
116, and the connection terminal 109 inputs an external signal from a connector 118, and 
performs inverter actuation. The whole inverter equipment is contained in the case 105, and 
constitutes the inverter circuit shown in drawing 13 . In addition, in dra w ing 1 3 , component 
parts, such as a control circuit and a current sensor, are omitted. 

[0016] Drawing 2 is the flat-surface layout pattern of the insulating electrode substrate 120 of 
this example, and a power component. In the circuitry of drawing 13 , it is equivalent to the plane 
1 part power circuit 301, and the terminal strapping section 191 which IGBT101.302 and the free 
wheel diode component 195,303 are parts for one arm each in one piece as a power component, 
for example, is connected to the P side wiring 304, the terminal strapping section 1 93 connected 
to the N side wiring 305, the terminal strapping section 192 connected to the load wiring 306 
which the motor has connected are arranged. 

[0017] In this example, it is joined to the case 105 of inverter equipment where the insulating 
electrode substrate 1 20 consists of aluminum dies casting etc. by solder, adhesives, mechanical 
immobilization, or such junction structures that were compounded, and it is the structure which 
has the refrigerant 106 for cooling in insulating electrode substrate 120 rear face, and the rear- 
face thin film metal plate 121 is larger than an insulating substrate 110, and only the rear-face 
thin film metal plate 121 circumference is connected with the aluminum dies casting case 105 
using the connection member 107. 

[0018] As for the aluminum dies casting case 105 and the insulating electrode substrate 120, the 
rear-face thin film metal plate 121 circumference is connected. For example, a 3 - 14%Si content 
aluminum alloy or a Zn content aluminum alloy is applicable to aluminum dies casting. The 
eutectic solder of a low-melt point point or Pb free solder of Bi system is applicable to the 
solder of the connection member 107. Since high thermal conductivity is not needed for the 
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solder of this part, it is 0.2mm about solder thickness. It carries out above and the thermal 
stress to solder is mitigated. Moreover, since the aluminum dies casting case 105 is electrically 
connected with the rear-face thin film metal plate 121 by using solder as joint material, 
electromagnetic shielding nature improves. 

[0019] Moreover, when the connection members 107 are adhesives. epoxy resin adhesive 
polyurethane adhesive, and silicone rubber system adhesives can be applied. There is 2 acidity- 
or-alkalm.ty adhesives (for example. Yokohama Rubber Make) which contain for example an 
urethane modified epoxy resin as epoxy resin adhesive, or 1 acidity-or-alkalinity adhesives (for 
example. Ube Industries, Ltd. make) which has oil face-bonding nature, and there are for 
example 1 component-type elastic adhesives (for example, product made from a seeker) as 
polyurethane adhesive. When the connection members 107 are adhesives. since a hot process 
like L in the case of being solder connection ] is not needed, manufacture is easy 
L0020] A refrigerant 106 is the antifreezing solution, water, an oil. a chlorofluorocarbon-replacing 
material, or air. and is flowing passage by the rate of flow set up suitably. In the case of the 
antifreezing solution, for example, the ethylene glycol system antifreezing solution (a trade name 
LLC, Denso make) is applicable. In order that the front face of the rear-face thin film metal plate 
121 may Prevent the corrosion by the refrigerant, processing of nickel plating of NiP, NiB, etc is 
performed. The front face of the aluminum dies casting of passage gives for example, nickel 
chrome plating, and makes it moreover, more desirable for corrosion resistance to improve. Since 
it circulates through a refrigerant 106 with the pump formed separately and circulates again into 
the back inverter part cooled with the radiator, temperature is maintained below at constant 
value. 

[0021] In this example, since there is only solder which joins a power component to the 
insulating electrode substrate 120 between the power semiconductor devices 101 and 
refrigerants 106 which generate heat at the time of inverter actuation, thermal resistance is very 
small. Therefore, since the maximum operating temperature is not exceeded and it can operate 
to stability even if it increases the current density of the power semiconductor device 101 and 
an exoergic consistency increases, a power component can be miniaturized and inverter 
equipment becomes small. 

[0022] Moreover, in this example, since a connection is connection of metals, it is easy to make 
connection between the rear-face thin film metal plate 121 and the aluminum dies casting case 
105 and workability .mproves, and it is easy to secure waterproofness. Moreover, an insulating 
substrate 110 is comparatively small, and since there is no connection member 107 in the lower 
part of an insulating substrate 1 10, it assembles, or the crack and crack of an insulating 
substrate 1 10 by real use can be prevented. Moreover, since [ whose heat which the power 
semiconductor device 101 generates is the surface thin film metal plate 103, an insulating 
substrate 1 10 and the rear-face thin film metal plate 121 ] it is transmitted to a refrigerant 106 
on rear-face thin film metal plate 121 front face, spreading a grade, the temperature rise of the 
aluminum dies casting case 105 which forms the passage of a refrigerant 106 is not so big 
rnrfo r S the . rmal stress wnich J oin s the connection member 1 07 is reduced 
L0023J (Example 2) The power circuit part of the inverter of this example is shown in drawing 3 
ta;. For the surface thin film metal plate 161 of an insulating electrode substrate although it 
consists of composite material, such as Cu, aluminum or CuMo, and CuW or a charge of a 
laminated wood of Cu and W, the thickness d1 is 0.5mm. It is above and is 0.5mm desirably It is 
2mm or less above. Breadth and thermal resistance fully decrease [ the heat generated in the 
power semiconductor device 101 by this ] with the surface thin film metal plate 161. Since the 
pattern circumference edge of the surface thin film metal plate 161 makes thickness thin or has 
formed irregulanty the crack or crack of an insulating substrate at the time of a thermo cycle 
cannot happen easily. Moreover, although, as for an insulating substrate. AIN etc. is chosen 
suitably, since it excels in mechanical strength, even if the surface thin film metal plate 161 
becomes thick, .t is hard to happen and is desirable [ especially SiN / the crack or crack of an 
insulating substrate ]. Since the rear-face thin film metal plate 121 is also thickened 
corresponding to the surface thin film metal plate 161 becoming thick substantially in order to 
avoid the camber and crack of an insulating substrate, breadth and thermal resistance decrease 

h k ea * \ m th,s , part u In addition, drawing^ (b) shows the structure of an insulating electrode 
substrate simple substance. 

[0024] For drawing 3 (c). the surface thin film metal plate consists of three layers, the inside 
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metal plate 801, a jointing material for corrugated fibreboard 802, and the outside metal plate 
803, substantially with other structures of an insulating electrode substrate simple substance, 
and the thickness of these sum totals is 0.5mm. It is above. In addition, although not illustrated, 
with well-known junction means, such as direct junction or low material, it may be joined to an 
insulating substrate 110 and the inside metal plate 801 may be formed as a metallized layer. 
Usually, the inside metal plate 801 is 0.1mm. For this reason, the stress to the insulating 
substrate in a pattern edge can be eased thinly the following. When it overflows and the section 
804 is formed especially, the stress relaxation effectiveness is large. A jointing material for 
corrugated fibreboard 802 uses direct junction and low material or solder. The outside metal 
plate 803 is 0.4mm in order to secure sum total thickness. It carries out above. By considering 
as such structure, the excessive stress to an insulating substrate is eased and dependability can 
be secured. Drawin g 3 (d) maintained stress balance with a surface thin film metal plate also 
about the rear-face thin film metal plate as three layers, the inside metal plate 807, a jointing 
material for corrugated fibreboard 805, and the outside metal plate 806, and secured 
dependability. In drawing 3 (d), the outside metal plate 806 is larger than an insulating substrate. 
[0025] (Example 3) This example is shown in drawing 4 (a). In this example, irregularity 141 was 
formed in the rear-face thin film metal plate 140. The dimensions L, such as height of irregularity 
141, width of face, and spacing, are 3mm or less. Such irregularity 141 is set as the configuration 
and array of requests, such as a projection of the shape of the shape of stripes horizontal in the 
flow direction of a refrigerant, or vertical, and a pin, or a repeat of a circular hole. Since a heat 
transfer interface product with a refrigerant increases with such irregularity, a heat transfer rate 
improves and thermal resistance decreases further. Moreover, if the dimension L of such 
irregularity is set to 1mm or less, irregularity can be easily formed by press forming of a metal 
plate etc. In addition, drawing 4 (b) shows the structure of an insulating electrode substrate 
simple substance. 

[0026] (Example 4) This example is shown in drawing 5 . The surface thin film metal plate 169 is 
constituted from this example by the heat pipe. As a heat pipe has the path which a heat carrier 
moves to the interior and it is shown in drawin g 5 (b), in this example, this path 146 is a direction 
parallel to an insulating substrate 1 10. Since the surface thin film metal plate 169 is a heat pipe, 
the heat generated in the power semiconductor device 101 moves to a longitudinal direction with 
the heat carrier inside a heat pipe. For this reason, thermal resistance decreases. A heat pipe 
may consist of the quality of the materials, such as aluminum or Cu, and a well-known 
meandering capillary etc. is sufficient as it. Low material may be used for junction to the heat 
pipe which are an insulating substrate 110 and the surface thin film metal plate 169, and the 
insulating electrode substrate 129 may be constituted. Or an insulating substrate 110 may be 
constituted from resin and a heat pipe and resin may be pasted up by approaches, such as 
thermocompression bonding. The resin in this case is the resin ingredient of for example, a 
silicone system. In this example, according to the heat transport capacity of a heat pipe, since 
lateral heat breadth is large, the dimension of the longitudinal direction of the surface thin film 
metal plate 169 is enlarged, and thermal resistance can be reduced. Furthermore, effectiveness 
with the same said of the configuration which uses the rear-face thin film metal plate 121 as a 
heat pipe is acquired. 

[0027] (Example 5) This example is shown in drawing 6 (a). In this example, as for the insulating 
electrode substrate 120, the whole surface is joined to the aluminum dies casting case 151. 
Solder 152 is used for junction. The passage where a lid 153 is formed in the aluminum dies 
casting case 151 at the bottom, and a refrigerant 106 flows is formed. The thickness d2 of the 
aluminum dies casting case joint 155 joined to the insulating electrode substrate 120 is 0.5mm. It 
is made the following thickness and thermal resistance is reduced. 

[0028] In this example, since the amount of [ which leads to the passage of a refrigerant inside 
an inverter ] joint is not, waterproofness is high. Moreover, if a fin 196 is formed in an aluminum 
dies casting case as shown in drawin g 6 R> 6 (b), thermal resistance will decrease further. 
[0029] (Example 6) This example is shown in drawin g 7 . Although the insulating electrode 
substrate 120 is joined to the aluminum dies casting case, the joint 162 of a case is constituted 
from this example by the heat pipe. The passage where a lid 1 53 is formed in the bottom and a 
refrigerant 106 flows is formed. Since the case consists of heat pipes, heat can reduce breadth 
thermal resistance in a longitudinal direction. In this example, since the dimension of the 
longitudinal direction of the case joint 162 is freely expandable, the heat dissipation 
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[0030] (Example 7) The power circuit partial circumference of this example is shown in drawing 
8 . In drawing 8 (a), the resin ingredient 1 1 1 to close is overflowed, the pars convoluta lobuli 
corticahs renis 142 was formed, and the rear-face thin film metal plate 121 circumference is 
connected to a case 105 with connection ingredients, such as solder or adhesives at the 
connection 143. Since the rear-face thin film metal plate 121 circumference has overflowed the 
resin ingredient 1 1 1 to close, connection of a connection 143 is easy for it. Moreover in this 
example, since the pars convoluta lobuli corticalis renis 142 is formed and it is easy to ease the 
stress to the connection by internal pressure change of the cooling refrigerant 106 the 
dependability of connection improves. Moreover, since solder, adhesives, mechanical 
immobilization, or such junction structures that were compounded are used for the connection 
1 43, connection dependability and waterproofness are high. 

[0031] drawing 8 (b) — drawing 8 (a) — although saw the rear-face thin film metal plate 121 
circumference, it has come out of the resin ingredient 1 1 1 to close similarly, the pars convoluta 
lobuli corticalis renis 144 is formed and it connects with the case 105 by the connection 145 
with connection ingredients, such as solder or adhesives, the pars convoluta lobuli corticalis 
renis 1 44 serves as a S character-like configuration. For this reason, since it is further easy to 
ease the stress to the connection by internal pressure change of the cooling refrigerant 106 the 
dependability of connection improves further. 

[0032] drawing 8 (c) — drawing 8 (a) — similarly, the rear-face thin film metal plate 121 
circumference was seen, and has come out of the resin ingredient 1 1 1 to close, and it connects 
by the mechanical means of a bolt 147 etc. In addition, although not illustrated, the rear-face 
thin film metal plate 121 circumference overflows, solder or adhesives may be used together 
between the section 1 48 and a case 1 05. or a gasket or an O ring may be used. 
L0033] (Example 8) This example is shown in drawing 9 . Although the insulating electrode 
substrate 120 of this example has the rear-face thin film metal plate 121 larger than an 
insulatmg substrate 110 like drawing 1_ and it is the structure where only the rear-face thin film 
metal plate 1 21 is connected with the aluminum dies casting case 1 05 using the connection 
member 107. it connects with the aluminum dies casting case 105 by the front-face side of the 
rear-face thin film metal plate 121. Connection structure chooses solder, adhesives etc 
suitably. In this example, the refrigerant case 125 established independently [ the aluminum dies 
casting case 105 ] has connected the passage of a refrigerant 106 to the rear-face thin film 
metal plate 121. The connection structure of this connection 126 chooses an O ring a gasket 
etc. suitably. Even if a refrigerant should leak by the connection 126 according to this example 
since a refrigerant flows out outside, a refrigerant does not leak to the interior of the inverter ' 
with which a heavy current part exists. 

[0034] (Example 9) This example is shown in drawing JO (a). An insulating electrode substrate 
has the rear-face thin film metal plate 121 larger than an insulating substrate 181 like an 
example 1 and only the rear-face thin film metal plate 121 circumference is connected with the 
aluminum dies castmg case 105 using the connection member 107. An insulating substrate 181 is 
only ,n the lower part of the surface thin film metal plate 103 in which the power semiconductor 

?Sn e lu J" 35 Ca 7 • and connects the P° wer semiconductor device 101 and a lead terminal 
182 to the terminal strapping section with an aluminum wire etc. in this example using the lead 
terminal 182 prepared separately. It is filled up with the mold material 183 made of resin between 
a lead termmal 82 and the rear-face thin film metal plate 121. and insulation is maintained. The 
rear-face thin film metal plate 121 of an insulating substrate 181 is in contact with the cooling 
refrigerant 106 ike the example 1. The mold material 183 of resin is filled up for example, with 
the transfer mold method. K ' 

[0035] Drawing 10 (b) is the flat-surface layout pattern of drawing 10 (a). The connection 
terminal area to the exterior consists of lead terminals 182. starts, and has the section In 
addition, a ead terminal 182 is used for the post-assembly cast by integral construction shown 
in drawing 10 (c). In order to use a lead terminal 182 for the terminal strapping section the 
connection process to the insulating electrode substrate of this part becomes unnecessary 
Moreover, since there is no insulating substrate in a part for a lead terminal area, an insulating 
substrate .s made to necessary minimum magnitude, and. for this reason, it is hard to produce 
the crack and crack of an insulating substrate. 

[0036] As for drawing 10 (d), the surface thin film metal plate of an insulating electrode substrate 
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is united with a leadframe. That is, as shown in drawing 10 (e), the insulating substrate 181 and 
the rear-face thin film metal plate 121 are beforehand joined to the leadframe with which the 
lead terminal joint 201 and the lead terminal 202,204 were united, and a semiconductor device is 
carried in this component. The plane of composition with an insulating substrate 181 serves as a 
part of the lead terminal joint 201, and the lead terminal 204 outside a boundary line 203 is not 
joined. It assembles as such structure and a process is simplified further. 
[0037] In each above example, although the case was explained as a product made from 
aluminum dies casting, the other quality of the materials are sufficient as resin, other aluminium 
alloys, Mg alloy, etc. Moreover, a power component can be suitably chosen according to the 
conditions of systems, such as power metal-oxide semiconductor field effect transistor and a 
power transistor, besides IGBT. 
[0038] 

[Effect of the Invention] Since the thermal resistance between a power component and a 
refrigerant can be easily reduced according to this invention as stated above, inverter equipment 
can be miniaturized. 
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[Brief Description of the Drawings] 

[ Drawin g 1] It is the sectional view of the inverter of an example 1. 

[ Drawin g 2] It is the flat-surface layout pattern of the power circuit section of the inverter of an 
example 1. 

[ Drawin g 3] It is the sectional view of the power circuit section of the inverter of an example 2. 
[Drawing 4] It is the sectional view of the power circuit section of the inverter of an example 3. 
[Drawing 5] It is the sectional view of the power circuit section of the inverter of an example 4. 
[Drawing 6] It is the sectional view of the power circuit section of the inverter of an example 5. 
[Drawing 7] It is the sectional view of the power circuit section of the inverter of an example 6. 
[ Drawin g 8] It is the sectional view of the power circuit section of the inverter of an example 7. 
[ Drawin g 9] It is the sectional view of the inverter of an example 8. 

[D rawi ng 10] It is the cross section and flat-surface layout pattern of an inverter of an example 

9. ~ 

[Drawing 11] It is the sectional view of the inverter of the conventional technique. 
[Drawing 12] It is the sectional view of the inverter of other conventional techniques. 
[Drawing 13] It is the circuitry Fig. of the inverter of an example 1 . 
[Description of Notations] 

101,302 — A power semiconductor device (IGBT), 103,161,169,801 — Surface thin film metal 
plate, 105,151 — A case, 106,197 — A refrigerant, 107 — The connection member of a rear- 
face thin film metal plate and a case, 109,115 — A connection terminal, 110,181 — An insulating 
substrate, 111 — Resin ingredient, 116 — A control circuit substrate, 1 17,307 — A capacitor, 
118 — Connector, 120,129 — An insulating electrode substrate, 121,140 — Rear-face thin film 
metal plate, 125 — A refrigerant case, 126 — A refrigerant case connection, 141 — Irregularity 
of a rear-face thin film metal plate, 142,144 — The rear-face thin film metal plate pars convoluta 
lobuli corticalis renis, 143,145 — The connection of a rear-face thin film metal plate and a case, 
146 — The heat carrier path of a heat pipe, 147 — A bolt, 148 — A rear-face thin film metal 
plate ******, 153 — A lid, 155,162 — A case joint, 182,202,204 — Lead terminal, 183 — Mold 
material, 191,192,193 — The terminal strapping section, 195,303 — Free wheel diode, 196 — A 
fin, 201 — A lead terminal joint, 203 — Lead terminal joint boundary, 210 [ — The N side wiring, 
306 / — Load wiring, 802,805 / — A jointing material for corrugated fibreboard, 803,806,807 / — 
A metal plate, 804 / — It overflows and is the section. ] — An aluminum wire, 301 — A plane 1 
part power circuit, 304 — The P side wiring, 305 
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/c. Dfl£il4 1©i«3. ffi, Rfll©^©^L«3mm«T 

-e#>s. ccj^&HAi 4 l «#&©aE8fr:£frK:*¥ 
*Sl>«ait©«tK, f>W©3^i. 
tt, R^©^©^0JIU^<»:*^TS©^tmc>-S25>JK:ia:S 
irs. ^©.fc^^miei-c^i©^^^®^^^ 
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if. ^«©^b*fi^fc£riHta£^fc^£rS 
S. Sets. 04 (b) «^»M«iS«^fl:©^^ 

-r. 

[0026] (mmw4) msicimmw*™?. *m 
Mmvizmw&m&mti. 1 6 9 « t - h j w ^-ctjus 3 

05(b)«C^-r<fc^«:*||ISCT-C«C©«Kl 
AQ\tim.WR \ 1 0K¥?T&:£fr-C *>-*>„ *ffl»]g£ 
f|« 1 6 9 #b - h *A :7©/c«>. ^-^NW**^ 1 
10 0 1 r|ES£-rSS&ttt:- h'W:/rtgB©&$i#«:.±:o-C 
S»P)«:gSWS. C©fcJ?)?»fita*5ffi?lgi^S„ t- h 

a-^sa 1 *s<,^*cu&£'©$*ftr«ti&3tt. 

©*6tfifflW^i'-CfcJ:t^ tfe»S«l 1 0£«ffifflg£ 
H«i 6 9t?**t- h^V^"i©«^«:a-tt*m> 
Tl&l^&Sffil 2 9£8t/j£L-C M 

iiliiow-ettgi, t-h^w^i«si*^ 

ffi»fc<!:©#jfc-C«»L-Ct>«fc<,>. C©JS^©«flg«W 
y 3 ->^©^fl!1vtf4-r* *HS6fiai-c« t - 
h a ^©^$SSI^K:«fc -?-C«*|6]^©f^j2;^ 0 
20 *l>fc«>5IE?f J^£JI« 1 6 9 OWtfifaO-imtt* < 

[0027] (»SW)5) 06 (a) 5C**ifeWl*m 
f. *SIJfi0!l-Cl*iffii»m@S« 1 2 0 «^M*i7;U5 f 

Bai52*fflC>S. f + 1 5 1 5C 

WTFfflKcg 1 5 3 *WcWO§M 1 0 6 #ifctt SSfcSS*^ 
fiXTS. MmmM®.l 2 0£^in,>57AS^ 
30 h-{r-XS^§l51 5 5©JP 3d 2{*W^.«0 .5m 

m y.TvmsicLxmmri&i&m-rz. 

[0 0 2 8] *IUfi«ai-C«^©^gSCC-r>^-^rtg5 
6 (b) (C^-TJ:^{CT^5 + * f-^r-^fC^ ^ 

>l 9 6*S:W-2)i^SSi*i3e>«:®i«T*. 
[0 02 9] (H*60fl6) 07{C*HJ6Fa«:^-r. *H 
ttM7«»i%fl^l 2 0li7;KW + i-^ h^r- 

x{c«^3nrv^*i^-^©«^a5i 6 2*it-h^- 

40 1 0 6*tWLnzm&&Bl8,$tlX^Z>. tr-Zifit- h 
^{gj«-r#S 0 ^SS^-CB-Jr-^g^aSl 6 2©«* 

[003 0] (HS6WI7) 08iC2t^lJfiM©^-'7-|iI?S 

sp^^a^^-r. 0 8(a) xizmmmm&m& 1 2 1 
jnmim±-rz®K§tm 1 1 l^^B^arfeo. ase 

14 2*519:^6^ *BB*-5CH*S»S"J^©ffi^tt^-C 

s^gp 1 4 3 xt-* 1 0 5 icmmuxm. mmrnrn 

so 1 2 1 E2tt£JibT 4«Bi«l4 1 1 1 *>6tt#m 
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^mmmxit^i a 2#&w<E>tt-c(,>sfc«>teip 

[0 0 3 1 ] 08 (b) Ttt, 08 (a) 

<DJg^tmrJgi&gB i 4 5 xt-t. i o 5 icfflgtStix 

fflSPl 4 4«S^«0^iife- J r^S„ CCD 

[0 03 2] 08 (c) -CB, 08 (a) IU«liEjSEj& 
£K«U 2 l^&ttitit-r£«JJ!g#m 1 l*>6tt#ffi 

xm. 1 4 7 tezvmm^wtxtmztixx,* 

0^Lr<,>&i>#»ffiMB|£jg«u 2 1^2 
©B^HISPI 4 8t-Jr-xi 0 5<Dffl(Ct;t¥ffl&£l>»: 
^ffl* J #/ii*ftTfcja>U aSHtttf*-** b$>2> 

c o o 3 3 ] (*jfe{«i8 ) 09 icxmmm*^?. *m 
*u 2 i#*s*ts&i i o<fco^:#< . mwm&£m& 

1 2 l(D**iT;U5 2-<* + X b-tr-X 1 0 5£Jgi^g|5 
SKI 2 1 ©^Mi!|-Cr;l/3 # + h^r-* 1 0 5 

-#mmx-\mm. 1 o 6 <dw3&ut)\> s 

* h * 1 0 5 &ttBOKIW*fc»«*-.a 12 5^1 
2 1 CC«tt{,'Cl>&. C©Si^g|51 2 6 

-s. ^ttwcjc^i^— mm^i 2 6-c^jg©j)in 
[0 034] (mmw9) mi o (a) tc^njg^*^ 

T„ »8iSi»5Qtff|i £Htttcmmit&lMKl 
2 l*i*e^»Sl 8 1 «tfJ^#t,^CD-C*0. 
£H«1 2 l^acD^r^s #4*+.* h^r-X 1 0 

». *6*S«l 8 ia^-7-¥MM*iR^l 0 l^igs 
n/c^H»M#Rffi 1 0 3 <DTSB<D«&{C* r> . 
SBKttJJlJjfcRttfc y - K4g^F- 1 8 2 £/Bt,>. -i^jg 

<*3t^i o i£y-K3SB-i 8 2*r;U5-->A'7^i' 

*S?Cftlfrr 5. V - KfflHF 1 8 2 &X0BMR&|I«i 1 2 
1 <fcCDia(C«^fl|i5!<D*-^FWl 8 3Z3tiMLXmm 

&zm-o. i o 6 wmmm 1 swtaiutsiK 
1 8 i (Dmwmm£m& 1 2 1 amLxm,. «?bicd-* 

-^UFttl 8 3«m«h^>X7r-*-;UKiS-C5c 5 



(6) #132002-3 1 5 358 

10 

[003 5] 01 0 (b) «01 0 (a) ©¥MW7 
*> (-0T**. ^SB^©Sg^^gp« y - Kffi^f 1 8 2 
rflMSStTCHr. 3i^±*J»3g|5*Wr-5>„ frfc. y- 

wi 8 2«0i o (c) {c^-r-«dt®-e^s$n 
tcim&zxic&m 2 tii. «T-^sqfc« y - Ftt* 

inacFgjcfc*. s/c y-h*4Sff-SR»cciia»»«*j 

io fc&8^gfi<D«m^^-;>?;c>i£cte<l,»„ 

[ o o 3 6 ] 0 i o ( d > », mtmmmmvmmim 

£Mffit')~\ : -?l>--&t—&ttji r> tcb<DxibZ>. t 

n*>*>, 010 (e) (c^-rj;^(cy- h-^g^s^gp2 

0 1 ty- FJg^2 0 2. 2 0 4i*i-ft<b^ofcy- 
Si 2 l*lg^-$nr*Jf). C<D§P D a d {C^a»^-?AiJs 

is^ns,, natsisi 8 i icos^ffiwy- Ki§mg£ 

SP2 0 lCDSB^iJttO, ^»^2 0 3J:0^ffliICDy-H 
*S^2 0 4«^3*a-rt^j:^ <> CCDJr^^j&iL-'r 

20 Mttxxm&zbicimitztiz. 

[0 0 3 7 3 «±<D#HJ6M-C«^"X«r^S + 
+ X bmtbXWMLtcWffiffi, ffeCDT^S-'i/A^ 

7-fW[GBTOi(CA7-MOSFET, ^y- 
l-7>^ ^^-f A<D^#CCj£D-C5@ajSf?-C^ 
6. 

[003 8] 

[ ^W<D^»m ] liltm^tc J: ^ (C*^B^{c «fc *i«f fc 

30 -^^g*/J^b-C#S„ 
[0ffi<Dfg#J&gi?§] 

[01 ] MfoWl<DJ>J-i~-2<DmWmx$>*>. 
[02] ^J60!ll<D-Y>^<-^CD>'N"'7-|iI?Sg|JcD^ffiU 

-rr^h0-c*-5 o 

[03] *ffi0H2O-Y>^-£cD^'7-@gSg|JcD#rffi0 

[04] ^JS^SO^^-c-^^W-lHlSSgBOterffiH 

[05] *Jfefll4CD-f >;<-£©A7-@gggflcDfBfaD0 
40 r*-S 0 

[06] ^J6W5(D-f >/<-£<D/i7-@S&SBcD|&rffi0 
[07] *Jg{a)6CD-f Server;— |5IgggP(DirE0 

[08] ^S6Wl7(D-r >^%--5?cD>'^7-|iI8SS|J(D»rS0 
X&Z>. 

[09] *ffi^8<D-/>^-4?CD»rli0-C*.5 < , 
[010] ^SSFO©^ ^<D»fffi«^0Sc>'¥® 
P^r-f h0'C*S <> 
0 [011] fi»C^<D-<>^--3r(D»fffi0-C*-5.„ 
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10 1. 3 0 2-^9-*iWff(IGBT). 10 
3, 1 6 1. 1 6 9. 8 0 1 10 
5, 15 1— ir-*. 1 0 6, 197-&J&. 10 7- 
SM^IS^ISei^- XCDS^SPW. 10 9. 115- 

w&m-, no, 1 8 i 1 1 1 -«tfls*m. 

1 1 6 • •■UmWimW.. 1 1 7. 3 0 7-3>7 r >-9\ 

118-3***. 120. i 2 g-^tiis. i 

2 1.1 4 0-gffi»Jg£JHg, 1 2 5 •••«***■-*. 
1 2 6-teMf-xmffi&. 1 4 1 -RE5g|&£JS1g©* 
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* D3£k 1 4 2. 1 44 •••RffiW)S^I«fiS|J. 143. 
14 5-mMmi£&fSifc£*—Z<Dmm!l. 14 6-b 

mrns^mmt^m^ 153-2, 155. 162- 

•^-^^SP. 1 8 2. 2 0 2. 2 0 4-y-FJ 
1 8 3-*-->l/F#, 1 9 1. 192. 193- 

1 9 5. 30 3-7'J-*-/-J^'ft--K, 1 
9 6-7-*>, 2 0 1 FttTflteaU. 2 0 3-«; 

- Fm-m^Wmft . 2 10-7;V5 7-ff. 301- 
10 1 7 -088. 3 0 4-PlffJBag, 3 0 5-NfflIie 

tg. 3 0 6 -ftffi£|fl. 8 0 2. 8 0 5-&-£*t. 8 0 
3. 8 0 6. 8 0 7-^IS, 8 0 4-«*tUS|5 o 
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